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I. Preface 
   Recently, many papers on climatic geomorphology have been published in 
Japan; limited to the most recent ones, there are those by K. Kobayashi (1956, 
and others), H. Suzuki (1960), S. Nishimura (1961), and S. Koaze (1961). Such 
studies are chiefly concerned with the features by cryoturbation on the mountainous 
and hilly lands. If such features were formed in the Pleistocene as well as in the 
Holocene, there should be other kinds of periglacial features. 
   In the course of the study of such features, it is desirable, if possible, to learn 
connected features which date the period in which such periglacial topographies 
were formed. For example, K. Nishimura (1940) reported on the relation between 
the andesite boulders and the river terraces in the upper valley of the Tone River 
which flows through the  Kanto Plain, and K. Kobayashi (1962) discussed and sum-
marized the problems of degradation and aggradation along the rivers around the 
Japan Alps in relation with his studies on the periglacial, or cryergic,  features on 
the Alps. However, the geomorphological studies of the mountainous and hilly 
parts in Japan have sometimes been done without enough attention to the age in 
which those were formed or modified. 
   The author is trying to analyse chronologically the land forms developed under 
certain climatic controls. For the study of such features in Japan, the statistical 
methods used by Western scholars such as W. Thauer (1955), W.  Schlegel (1961), 
and C.B. Beaty (1962) may also be useful to understand the processes or the condi-
tions that affected them. 
   In the Kitakami Mountainland, many gentle slopes and block fields are found, 
and the later are developed on the south-facing sides of the granitic mountains, while 
gentle slopes of a certain level are predominantly developed on the north-facing 
sides of the mountains of various rocks. 
   In this paper the author describes the valley features along the Sarugaishi 
River, and those along the Miyamori River, and he intends to suggest some 
topographical relations between the mountainous part and the valley of Kitakami. 
On the Kitakami Valley many geomorphological and stratigraphical studies have
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been published (R. Tayama, & S. Tsuchida, 1936; T.  WakO, 1956; K. Fujiwara, 
 1959; Kitakami Valley Research Group, 1961; H. Nakagawa,  1961). 
   As to the block fields in the granitic terrains of the  Kitakami.Mountainland, S. 
Matsumoto is now studying morphologically (S. Matsumoto,  1962). In some parts 
of the area treated in this paper, the author made the field study and tried to 
discuss some problems with him. A thorough description on the block fields will 
be made by S. Matsumoto. 
 II. General Description of the Valleys of the  Sarugaishi and the Miyamori 
   On the whole, the valley of the Sarugaishi is narrow all through its course. 
Approximately, from the confluence with the Kitakami up to Loc. 10 in Fig. 1, the 
geology is composed of the lowermost Neogene andesite or its pyroclastic rocks 
overlain by Neogene sandstone, shale, conglomerate and lignite (Tamazato Forma-
tion). From Loc. 10 to Loc. 9 situated near the confluence of the Miyamori with 
the Sarugaishi, the valley is steep-sided, and the geology is composed of ultrabasic 
rocks such as peridotite or serpentine. Along the Miyamori River, the valley is 
wider, and the geology of the area to the northwest of the valley is composed of lower 
Permian clayslate and limestone (Tatsusobe Formation), and the rest is composed 
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of gabbro and granodiorite. Granodiorite is widely distributed and into it the 
weathering goes down to a considerable depth (Photo. 5). 
   Porphyritic rocks occur as dikes and stocks intruding into the Permian 
sediments, ultrabasic rocks, and granodiorite. In the last named, porphyritic rocks 
are contained also as xenolith (0. Hirokawa & T. Yoshida, 1956). 
III. Geomorphological Surfaces and the Materials underlying them 
   The author has classified the geomorphological surfaces into five, those are 
Upland Gentle Slope, Cryopediment, Terrace 1, Terrace 2, and Terrace 3, 
excepting the high level surfaces or summit levels, which sometimes are called 
peneplains. The nature of the surfaces and the materials underlying them are 
as  follows: 
   (1) Upland Gentle Slope 
   Along the valley there are gently inclined, sometimes rolling, surfaces 
standing from 140m to 400m above the sea-level. Based on their continuity and 
their features, the author proposes to classify them as a geomorphological surface 
and to call them Upland Gentle Slope, though it is questionable whether all of them 
are formed in the same age. The surface develops most extensively in the area
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    Fig. 2. Compiled Cross Sections of the Lower Valley of 
       Geological Column showing the Surface Geology of
Loc. 12: Section at  Road-cutting. 
Explanation: (1) Black surface soil and "Loam". (2) Pumice 
(4) Orange clay. (5) Weathered sandstone to conglomerate.
the Sarugaishi and a 
Upland Gentle Slope.
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Fig. 3. Compiled Cross Section of the Middle Valley of the Sarugaishi and Geological 
   Columns showing the Surface Geology of Upland Gentle Slope and Terrace 1. 
Loc.  10: Section at newly reclaimed rice field, and the top of the section is removed. 
   Explanation: (1) Coarse-grained pumice layer (Murasakino Pumice). (2) 10 cm dark 
   grey clay. (3) 10 cm deep brownish yellow clayey silt. (4) 20 cm orange brown clayey 
   silt with gravel. (5) 60 cm gravel 2 cm to 10 cm in diameter. Matrix is clayey silt and 
   red-coloured. (6) 40 cm yellow clayey silt with red spots and lines. (7) 20 cm (plus) red, 
   coarse sand with mica flakes and quartz grains. 
Loc. 11: Section at Road-cutting. 
   Explanation: (1) Black surface soil with the chips of charcoal and a pot  (Jomon era). (2) 
   Light yellowish brown "Loam". (3) Coarse-grained pumice layer (Murasakino Pumice), 
   each particle is 0.5 cm to 2 cm. (4) Grey clay with gravel, 10 cm to 30 cm in diameter. 
   (5) Light brown silt and sand with gravel. (6) Gravel bed composed of breccia 20 cm to 40 
   cm in diameter and gravel 5 cm to 20 cm in diameter. Matrix is grey clay. (7) 19 m 
    (plus) bedrock, Tamazato Formation composed of loose  conglomerate, coaly shale,
    coarse sand- and siltstone. Inliers of ultrabasic rocks exist beneath or in them.
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Photo. 7.  Near-veiw around Loc. 3.
Photo.  8.  A  section at the  opposite side  of Loc. 5 
 The  direction  of road-cutting is about  45' to one 
   lower, whitish part is the  weathered  granodiorite 
   the  material  that correlated  with the upper one 
 -uneven  boundary  between  the upper deposited 
 weathered  bedrock.
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Fig. 4. An Example of the Deposits of 
   Cryopediment in the Middle Valley. 
Loc.  9: Section at Quarry. 
 Explanation: (1) Black surface soil. 
(2) Debris composed of breccia and light 
brown, compact clayey silt. Breccia are 
commonly 2 cm to  10  cm and rarely 20 cm 
in diameter, and felsitic rocks in lithology. 
(3) Thinly laminated, brown, compact 
clayey silt and orange brown fine sand. 
(4) Brown, compact clayey silt with 
gravel. Gravels are commonly 5 cm to 
10 cm and rarely 50 cm in diameter, and 
felsitic rocks, serpentine, clayslate, and 
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Fig. 5. An Example showing the Relation between the Stage of Red Colouration and 
   that of  Solifluction. 
Loc. 7: Compiled Column from three Sections of Road-cutting. 
   Explanation: (1) Black surface soil. (2) Orange brown sticky loam with slightly rounded 
breccia. Breccia are commonly 1 cm to 3 cm, rarely 10 cm to 20 cm in diameter, and 
various kind of rocks such as tuff, siltstone in lithology, and are decomposed by weathering. 
(3) Gravel bed composed of gravels, commonly 1 cm to 5 cm and rarely 10 cm in diameter, 
and round or platy in shape. Gravel in this bed are relatively fresh. (4)  Tuff with angular 
and subangular breccia, especially in the lower horizon (Tamazato Formation ?). From 
the top to the middle tuft is red-coloured. (5) 2 m (plus) bedrock, ultrabasic rock.
60 T. WAKO
where the bedrocks are composed of soft rocks of Tamazato Formation or deeply 
weathered granodiorite. The surface is underlain with residual soil or weathered 
product. In the western part of the area it is covered unconformably with a coarse-
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Fig. 6. ss Section showing the Structure of Cryopediment and Terrace I 
   al  ri River, and Geological Columns showing the Surface Geology of
    Cryopedi ent. 
Loc. 5: oad-cutting (See Photo. 8). 
   Explanation: 0 cm black surface soil. (2) 50 cm brown clayey silt, "Loam", contain-
ing less than the lower layers. (3) 60 cm brown, loose silt with mica flakes. 
(4) 10  r  r n sandy silt with abundant mica flakes. (5) 25 cm brown clayey 
silt with (6) 5 cm brown clay with mica flakes and abundant subangular 
particles 1  in dia eter. (7) 25 cm brown clayey silt with mica flakes. (8) 10 cm reddish 
brown, r  ti  l ey silt. (9) 15 cm grey clay with mica flakes and with two horizontal 
limonite mm in thickness. (10) 15 cm reddish brown, very sticky clayey silt. 
(11)  20  c  grey clay with a number of faint limonite bands. (12) 25 cm clayey silt with 
horizontal nds and particles of Mn. (13) 20 cm brown sand with breccia 2 cm 
to 3 cm i  i t r nd gabbro in lithology. (14) 200 cm (plus) bedrock; deeply weat-
hered granodiorite. 
Loc.  6: Section at the Slumped Scarplet along the Irrigation Channel. 
 Explanation  : (1) Boulders of granodiorite 200 cm or more in the maximum diameter 
with breccia of gabbro. (2) Hidden. (3) Alternation of clay, sand, and gravel. This 
horizon is rich in mica flakes and gravel is 0.5 cm to 2 cm in diameter. (4) Hidden. (5) 
Gravel 0.5 cm to 1 cm with  silt as matrix. (6) 30 cm (plus) silt with gravel.
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deposited (Figs. 2.3, Locs. 10.12) (T. WakO, 1956; K. Fujiwara, 1959; Kitakami 
Valley Research Group, 1961; H. Nakagawa,  1961”). 
   In some places red soil can be recognized (Fig. 3, Loc.  10). The horizon of red 
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Fig. 8. Compiled Cross ction owing the Relation between Cryopediment and Terrace 
    1 with Columns showi  e rface Geology of them. 
Loc. 1: Section at Ne ly eclaimed Rice Field. 
 Explanation:  (I) Coarse nd ith reccia. The former is rich in quartz grains and mica 
flakes. The latter are e unded rticles of granodiorite 10 cm to 40 cm in diameter 
and angular particles of porphyritic rocks 1 cm to 3 cm in diameter. (2) Orange brown 
sand with rather angular d laty articles of granodiorite 3 cm to 5 cm in diameter. 
The former is massive d ch  ica flakes. (3) Thinly laminated orange clay and 
sand. (4) Debris composed f bangular particles 2 cm to 10 cm in diameter and  gran-
odiorite and porphyritic r cks i  lithology (mixture). (5) Bedrock; deeply weathered 
granodiorite with the core rocks. 
Loc.  2: Section at Road-cutting. 
Explanation  :(1) Black surface soil. (2) 120 cm (plus) debris composed of particles 5 cm to 20 
cm in diameter and granodiorite, porphyritic rocks and clayslate in lithology. Matrix is 
orange brown, slightly laminated, clayey silt, sand and gravel 2  mm to 5 mm in diameter. 
1) Such volcanic ash is called in Japan  "Loam", sometimes which means several layers 
       of volcanic ash including pumice layers, as the case of  "Kant() Loam".
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soil is beneath the pumice layer, then it is a relict soil like the one studied by T. 
Matsui and Y.  Kato (1962) and others. 
   (2) Cryopediment 
    This is a  rubble-covered ,. gently sloped surface, resembling to the surface 
along the  Yabetsu River (T.  WakO, 1963a), though the former is steeper and more 
dissected than the latter. The most typical of such gently sloped surfaces in this 
area are those in which Locs. 1, 3 and 4 situated (Figs.  6.7.8, Photos.  1.6.7). 
    The sections at Locs. 1, 3 and 4 suggest that the bedrocks of the foregrounds 
of the mountainous parts was shaved by the moving debris that originated at the 
mountainous parts mixing with the debris of foregrounds themselves , and they 
also suggest that such debris were finally settled as slope deposits (Figs.  6.7.8, 
Photo.  8). 
   Based on the structure and the nature of the deposits , the author came to the 
conclusion that the process in which the gentle slope was made and the material 
underlying it was deposited was  solifluctional one under periglacial conditions (H .G. 
Dines et al, 1940; K. Bryan, 1946; H .T.U. Smith, 1949)2). The laminated 
material of Loc. 5 and of a part of Loc. 1 may be deposited under the effect of water 
(K. Bryan, 1946; A. Jahn, 1960) (Figs. 6.8). For the sedimentation of such fine 
material and for the movement of breccia under periglacial conditions , he thinks, it 
is  favorable . that the bedrock is granitic and deeply weathered. Probably it was 
a more humid subphase when the laminated materials were deposited than when the 
rubbles were. 
   The section of Loc. 9 suggests the alternation of  fluvial and periglacial 
processes at the same locality (Fig. 4). 
   According to his terminology (1963a), the author denominates this surface 
Cryopediment. 
   The distribution of this slope is interruped in the gorge situated between Loc. 
10 and Loc. 9., and the direct relation of this surface to Upland Gentle Slope in 
the lower valley can not be ascertained . From the longitudinal profiles across the 
surface, it seems that this Cryopediment immerses under Terrace 1 in the middle 
part of the gorge, though the scale of the maps used here does not allow us to 
correlate them in detail. However, following two evidences are found. The Loam 
which covers unconformably the original surface of Upland Gentle Slope (Loc. 10) 
also covers unconformably the deposit of Cryopediment (Loc.  5). The red-coloured 
tuff which underlies unconformably the deposit of Cryopediment at Loc. 7 suggests 
 2)  Although many terms are proposed for  such phenomena or products in non-glaciated 
         areas, the word  "periglacial" is still in common use and it seems to bringabout no 
         confusion, so the author uses "periglacial" in this paper.
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that the periglacial processes went on after the formation of the red soil. Judged 
from the longitudinal profiles across Upland Gentle Slope and Cryopediment, the 
red-colouration at Loc. 7 may be of the same age as that of Loc. 10. Therefore it 
is naturally concluded that the period of red-colouration of soils, regolith and various 
sediments was followed by a period of dominant periglacial processes at least in the 
upperstream area, and then volcanic material fell (Fig.  5). 
   (3) Terrace 1 
   This terrace is characteristic in the form and the material underlying the 
terrace surface. Along the Sarugaishi the terrace surface is almost level like the 
surface of ordinary terraces, while along the Miyamori River the terrace surface is 
fan-like. The predominant materials underlying them are boulders of granodiorite 
and angular or subangular breccia of various rocks with clayey matrix (Fig. 3, Loc. 
11; Photos. 3.4). 
   Downstream from Loc. 10, Murasakino Pumice overlies such materials conform-
ably, so this terrace is correlated with Lb plain (T.  WakO,  1956), or Horikiri Plain 
(K. Fujiwara, 1959), or Murasakino Terrace (Kitakami Valley Research Group, 1961; 
H. Nakagawa,  1961). 
   (4) Terrace 2 
   The surface of this terrace has no covers of volcanic ash and pumice layer (Fig. 
2, Loc. 14). 
   Near the confluence with the Kitakami River, the terrace surface is slightly 
lower than that of Terrace 1 and is underlain with a veneer of gravels. From such 
a structure and the height of the surface, this terrace is correlated with  of plain 
(T.  WakO, 1956), or New Fan (K. Fujiwara, 1959), or Kanegasaki Terrace 
(Kitakami Valley Research Group, 1961; H. Nakagawa, 1961). 
   Along the valley of the Miyamori River there is no indicator for the identifica-
tion of the terraces. It is sure that most of the lowest surfaces used as paddy-
fields may be correlated to this terrace. 
   (5) Terrace 3 
   In the lower course of the Sarugaishi, Terrace 3 develops rather continuously, 
though it is generally narrow. But, to the west of Loc. 11 this terrace occupies a 
wide area. Upstream from Loc. 10, it exists only fragmentarily. 
IV. Climatic Changes in this Area and the Problems related to them 
   Takeshi Matsui and his collaborators summarized the study of the 
palaeopedological problems in Japan. According to them the climatic changes 
suggested from the nature of soils are as  follows: 
   Relict red soils are formed during the warmer periods, probably, interglacial
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stages or substages in the Pleistocene. Though the precise dating of their forma-
tion is not established, three warmer periods may be assigned, namely, pre-
Shimosueyoshi, Shimosueyoshi and post-Shimosueyoshi stages. Most cases studied 
seems to indicate their date to be the Shimosueyoshi stage, possibly  Riss-Wiirm 
interglacial (T. Matsui and Y.  Kat& 1962). 
    The deposits underlying Murasakino Pumice conformably in the Kitakami 
Valley is tentatively correlated with the Shimosueyoshi Formation of the KantO 
region by most geologists.3) At present the Shimosueyoshi Formation is 
regarded tentatively as of the  Riss-Wiirm interglacial. 
   K. Suzuki (1962) summarized the knowledge of the Quaternary plant fossils in 
Japan, and described that the plant fossils from the Shimosueyoshi Formation and 
the correlated formation in the Kitakami Valley suggest that there was a climatic 
alternation from cold to cool (warmer) and to cold from the lower to the upper. 
Then, he points out that it is questionable whether the whole of the formation 
from the lower to the upper was deposited during the  Riss-Wiirm interglacial. 
    H. Nakagawa assumed that in the areas remote from the ocean, there were 
time lags between the reception of the effects of the climatic changes and those of 
the glacial eustasy which meant the changes of the base-level of erosion. He also 
described that the plant fossils imbedded in the deposits of Kanegasaki Terrace 
along the Kitakami indicate a cold phase of the climate, and judging from the 
fan-shaped distribution of the terrace, he assumed that there was a pluvial period 
in the formation of the terrace (Kitakami Valley Research Group, 1961). The 
present author believes that the horizon which has the plant fossils cited here 
belongs to the upper part of the deposits underlying Murasakino Terrace. 
   S. Matsumoto referred to the block fields on the granitic mountains where the 
tributaries of the Sarugaishi have their sources (Photo. 2), and regarded that blocks 
were of Woolsackform after H. Wilhelmy. At present S. Matsumoto assumes that 
the movements of the blocks may have occurred under the solifluctional  (FlieBerde) 
conditions without the classification of the blocks situated on the slopes and in the 
valley (S. Matsumoto, 1962). 
   The author thinks that the blocks have to be classified into two at least, 
according to their situations. Those are the resting blocks on the slopes and 
the component blocks of terrace deposits. 
   H. Wilhelmy (1958) assumed, in his concluding chapter, that certain blocks of 
Woolsackform composing now the Blockmeer were originally shaped as fresh cores 
by chemical deep weathering before Riss glaciation, and the subsequent mass wasting 
formed the Blockmeer. In the Tamazato Formation as well as in the sediments of 
 3) However, the present author has a question about it. See T.  Waka (1963b).
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undetermined date along the Sarugaishi River, are imbedded many lenses of coarse 
sand, which are very loose and rich in mica flakes and quartz grains. Such 
deposits suggest the significance of the granitic rocks as the source of the fluvial 
deposits (Photo. 9). 
   According to the author's field study along the upperstream of the Mabechi 
River flowing to Hachinohe City, Aomori Prefecture, the gentle slopes of erosional 
origin and the extinct dells which situated behind the gentle slopes and filled with 
breccia were formed before the deposition of a pumice flow originated in the 
Towada caldera. By the radiocarbon dating of the chips of charcoal imbedded in 
the pumice flow deposits, the age of the flow was 12,700±260 B.P. So, the gentle 
slopes and the extinct dells were formed, at least, before 12,700 B.P. According 
to the study of the Hanaizumi Formation the age of the deposition of the Forma-
tion ranges from 35,500 B.P. to 21,430 B.P. Behind the upper surface of the 
Hanaizumi Formation "pediment-like erosion surfaces" are developed  (Kanto 
Loam Researeh Group, 1961). From the observations of the present author, the 
"pediment -like erosion surface" differs somewhat from Gentle Slopes, or cryo-
pediments which the author has been discussing hitherto, while it resembles to 
the gentle slopes along the middlestream of the Mabechi. 
   In addition to those the author's study (1963b) on the topography of the 
 KOriyama Basin will suggest the climatic changes in the Pleistocene in the north-
eastern part of the Main Island of Japan. 
V. Conclusion 
   The author's conclusions about the development in the valley of the 
Sarugaishi are as  follows: 
   (1) The age when the deep weathering of granodionite started can not be 
estimated, however, the last period the process took place may be the warmer one 
suggested by the red-colouration of the superficial material of Upland Gentle Slope. 
Probably, the deposition of the middle horizon of Murasakino Terrace in the valley 
of the Kitakami might go on in this period. 
   (2) After that period, a cold climate prevailed in this area and the frost-
shattering produced breccia, and the solifluction made Cryopediment with a 
veneer of debris. In this stage, some boulders of granodiorite and other rocks 
were brecciated with the frost action as is shown in the section of Loc. 1. For such 
a process, the exhumation of fresh cores of ganodiorite, i.e. the removal of the 
weathered parts of the same rock, was necessitated. The nature of the deposits of 
Cryopediment is an evidence and such a removal helped the movement of boulder 
or breccia.
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   (3) The most vigorous movement of the granitic boulders took place during 
the formation of Terrace 1. Based on the relations of the longitudinal profiles the 
author's tentative correlation of the deposits in this area is shown on Table. That is 
to say, during the formation of Terrace 1, the process of the regradation deepened 
the floor of the uppervalley from the level at the stage of Cryopediment to that of 
Terrace 1, while the floors of the lower course of the Sarugaishi and the Kitakami 
was not deepened. 
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   From a chronological point of view it may be comparable with the angular 
boulders of  granite etc. imbedded in the terrace deposits along the rivers of 
Sakhalin.4) 
   (4) Although more datings of the absolute ages of deposits must be done, the 
author roughly estimates at the present stage of his study that the occurrence of 
the periglacial conditions which prevailed in the northern part of the Main Island of 
Japan might be around 20,000  B.P., judged from various data above-mentioned 
and from the data of river terraces of  Hokkaidô (T.  Wakô, 1963a). To compare it 
the data reported from other  countries: the block fields in Lower Silesia was 
formed before 10,075 B.P. (K. Dumanowski et al,  1962),5) and one of solifluction 
layers at Belmont Plateau, New Zealand, was deposited before 11,000 B.P. (C.A. 
Cotton & M.T. Te Punga, 1955) and the geliflual debris near Wellington, New Zea-
land, was deposited less than 21,000 years ago (C.A. Cotton, 1958). The author 
 4)  Judged  from T. Shinbori's translation of a Russian paper, Collection of Foreign Papers, 
 Kant Loam Research Group, No. 6, 1962. 
 5) Though they do not describe the nature of the block field in detail, they regard that 
        the block field was developed during a cold phase, and the plants of the following 
         warmer phase measured by the radiocarbon dating covered the block field.
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thinks that in most lowlands in the northern part of Japan,6) the conspicuous 
periglacial condition that developed such a feature did not occur around 10,000 
B.P., but it might have occurred before or around 20,000  B.P. 
   (5) In form and in surface material, Upland Gentle Slope in this area is much 
like Y. Tomita's LH-plane in Formosa (Y. Tomita, 1940, 1941, 1951, 1954). 
Supplement 
   Finally, the author wishes to refer to Y. Tomita's contribution in this field. 
Recently many studies on relict red soil are made in Japan as well as in other 
countries. We must remember that Y. Tomita, former professor of our institute, 
was the first in Japan who noticed the existence of the gently sloped surfaces with 
relict red soil on them and suggested the possibility of using it for the dating of 
the formation of  geomorphological surfaces. He also suggested that the formation 
of the relict red soil was at the stage of transgression of the sea-level. 
   The author thinks necessary to study the hill which distributed widely in 
the Main Island of Japan from a view-point suggested by Y. Tomita. 
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